Editor's key points † Meta-analysis of efficacy and adverse event of single-dose paracetamol or propacetamol in postoperative pain. † Similar efficacy, with number needed to treat around 4 for 50% reduction in pain at 4 h. † Pain on infusion in 23% of patients receiving propacetamol. † Both provide a reduction in opioid use but not in opioid-related side-effects.
Paracetamol, known as acetaminophen in North America, is the most commonly prescribed analgesic for the treatment of acute pain. 1 Its major advantages over non-steroidal antiinflammatory drugs (NSAIDs) are its lack of interference with platelet function and safe administration in patients with a history of peptic ulcers or asthma. 2 Systematic reviews of randomized controlled trials (RCTs) confirm the efficacy of oral paracetamol for acute pain. 3 4 One out of four patients who receives 1 g of paracetamol achieves at least 50% pain relief. 2 However, oral paracetamol has a slow onset of analgesia and the non-availability of the oral route immediately after surgery limits its value in treating immediate postoperative pain. Currently, there are two formulations of i.v. paracetamol: propacetamol, a prodrug of paracetamol; and the recently approved i.v. paracetamol. Propacetamol is hydrolysed by plasma esterases to paracetamol within 7 min after administration. A dose of 2 g of propacetamol is hydrolysed to 1 g of paracetamol. 5 6 Propacetamol requires reconstitution, and contact dermatitis in health personnel who have handled the drug has been observed. 7 8 Additionally, it causes pain at the site of injection. This discomfort can be reduced if it is injected by slow infusion. 9 Conversely, i.v.
paracetamol is presented as a ready-to-use solution. No incidences of contact dermatitis have been reported, nor have there been reports of its infusion causing discomfort.
the treatment of postoperative pain in both adults and children.
Methods

Literature search
We searched the Cochrane Central Register of Controlled Trials (CENTRAL, 2nd Quarter 2010), MEDLINE using the OVID platform (1950 to May 2010), EMBASE (1980 ( -2010 , and LILACS (1992 to May 2010) by combining terms for RCTs with those for paracetamol/acetaminophen, i.v. administration, and postoperative pain. We also checked the clinical trials registry http://www.clinicaltrials.gov and reference lists of retrieved articles. We did not apply any language restriction. We included blinded or unblinded, placebo-or activecontrolled, single-dose RCTs that evaluated children or adults with postoperative pain after any kind of surgery, who were able to self-report pain intensity or pain relief. The time period of interest was 4-6 h post-intervention. Multiple-dose studies that provided separate data for the first dose were also included. We excluded crossover studies, because the intensity of postoperative pain changes over time, and studies with ,4 h of follow-up post-intervention. Interventions had to be given within the last 30 min of surgery, in the immediate postoperative period or at any time within the first three postoperative days. Two independent review authors screened all articles identified in the electronic searches.
Data extraction and analysis were also performed in duplicate. When studies did not provide sufficient data, we contacted study authors where possible. Continuous outcomes were extracted as means and standard deviations. Dichotomous outcomes [e.g. number of patients with at least 50% pain relief, adverse events (AEs)] were extracted as the presence or absence of the effect, and expressed as odds ratios (ORs). If data were only presented graphically, we extracted them using xyExtract Graph Digitizer software (v 3.1, Wilton Pereira da Silva, Brazil).
Primary outcomes included pain relief and pain intensity assessed by any categorical or numerical pain intensity or pain relief scales. Secondary outcomes included: number of participants requiring rescue medication; time to rescue medication; opioid consumption; patients' global evaluation of therapy [provided they were patient reported and measured on a four-or five-point categorical scale or visual analogue scale (VAS)]; and AEs.
Two reviewers independently assessed the risk of bias of all included studies by making critical assessments for each of the following different domains: sequence generation (randomization), allocation concealment, and blinding, with answers 'Yes' indicating low risk of bias, 'No' indicating high risk of bias, and 'Unclear' indicating either lack of information or uncertainty over the potential for bias. 15 
Meta-analysis
Our primary analysis was the proportion of patients with 50% or greater pain relief in each treatment arm over both the 4 and 6 h periods post-intervention. If not reported, we calculated the theoretical proportion of participants achieving at least 50% pain relief by extracting or calculating total pain relief (TOTPAR) or summed pain intensity difference (SPID) and using formulas derived by Cooper and Moore and colleagues. 16 -18 In turn, we calculated the number needed to treat to benefit (NNTB) for at least 50% pain relief over the 4 or 6 h period. Secondary analyses included:
(i) The proportion of patients in each arm receiving additional analgesia during the 4-6 h post-study drug administration and the number needed to treat to prevent (NNTp) re-medication. (ii) Time to next medication in each treatment arm and the mean time difference between the groups. (iii) Opioid consumption in studies in which coadministration of opioids [including patient-controlled analgesia (PCA)] was allowed. We converted opioid requirements into i.v. morphine-equivalents (mg), using widely accepted opioid conversion tables. 19 To determine the opioid-sparing effect of an intervention, we calculated the mean difference in opioid requirements between treatment arms. (iv) Patients' global evaluation of therapy. Dichotomous information was derived from categorical evaluations (number of patients reporting the top two categories, e.g. 'good/satisfied' or 'excellent/very satisfied'). For VAS ratings, we compared means of each intervention. (v) AEs: We assessed both the total number of AEs and the reporting of individual AEs, for example, nausea. In addition, we extracted the number of patients reporting pain due to infusion of the study medication. Withdrawals or dropouts were noted when adequately described. Validated scales were noted when used.
All meta-analyses were performed using RevMan 5.0 software. 20 Results are expressed as ORs for dichotomous data or weighted mean differences for continuous data, both with 95% confidence intervals (CIs). We assessed statistical heterogeneity by visually examining the forest plots and quantified it by using the I 2 statistic. An I 2 value of .50% is considered to indicate substantial heterogeneity. 21 Sensitivity analyses were performed to investigate the effect of various study characteristics on the primary efficacy outcome: placebo-and active-controlled trials were analysed separately; propacetamol and i.v. paracetamol were analysed both separately and together; and non-blinded studies were included then removed.
Results
Retrieved trials
Our searches produced 1231 references (Fig. 1) . Review of the abstracts identified 56 potentially relevant studies. Nineteen studies did not meet inclusion criteria. 12 22 -39 For one study,
we were unable to retrieve the full article from any source. 40 Therefore, 36 studies were included in the review. In the included studies, enrolment ranged from 30 41 to 550 patients. 42 In total, 712 patients were treated with i.v. 41 and mixed. 42 67 74 Three studies evaluated adults and adolescents together, with the youngest patient being 13 yr of age. 44 61 72 The remainder evaluated only adults. No studies performed exclusively in children met inclusion criteria, primarily because pain was not patient-reported. Studies fell broadly into two designs: those in which the intervention was automatically administered shortly before or after the end of surgery and the primary outcome was opioid consumption (usually PCA, but occasionally as on-demand injections); or those in which the intervention was administered only after a patient reported moderate-to-severe pain post-surgically, in which case the primary outcome was pain relief/pain intensity difference. From the latter studies, we were able to calculate the number of patients with at least 50% pain relief over either 4 or 6 h, or both. Four studies did not present efficacy data in a format that we were able to meta-analyse, for example, presenting data without standard deviations. 41 43 44 61 In three studies, we were unable to analyse either efficacy or safety data for similar reasons.
52 59
Risk of bias in included studies
Twenty-one studies described adequate randomization methods, either by using tables of random numbers or by computer-generated randomization. In 15 studies, the method of randomization was unclear, usually because there was no description of the methods used. Fewer studies described attempts at allocation concealment. In 21 studies, concealment was unclear as there was no description of any method used. Nine studies did use adequate concealment methods. One study made no attempt at allocation concealment. 68 On the basis of the descriptions in each paper, 24 studies used adequate methods to ensure blinding. Interventions were prepared by a party not directly involved in the study. Papers either stated that the interventions appeared identical or where that was not possible, a double-or triple-dummy technique was used. For the 11 studies in which the adequacy of blinding was unclear, most made some description of their method, for example, a third party prepared the interventions, but did not give enough information that we could be certain, for example, no mention of whether treatments appeared identical. One study was an open trial. 68 
Pain outcomes
Propacetamol or i.v. paracetamol compared with placebo Propacetamol and i.v. paracetamol were superior to placebo for all meta-analysed efficacy outcomes at all measured time points (Table 1) . Nine studies provided data on the first time period of the primary outcome, number of patients achieving at least 50% pain relief over 4 h (Fig. 2) . The proportion of patients experiencing at least 50% pain relief over 4 h with propacetamol was 40% (166/415) and with i.v. paracetamol was 32% (74/232). The proportion of patients experiencing at least 50% pain relief over 4 h with placebo was 16% (66/425). The derived NNTB for at least 50% pain relief over 4 h was 4.3 (3.5 -5.6), 3.4 (2.8-4.5), and 4.0 (3.5-4.8) for propacetamol, paracetamol, and the combined data, respectively. That is, for every four patients treated with propacetamol or paracetamol, one would experience at least 50% pain relief who would not have done so with placebo. Outcomes measured over 6 h produced similar results to those measured over 4 h, but with some diminution of analgesic effect. The proportion of patients experiencing at least 50% pain relief over 6 h with propacetamol was 26% (91/344) and with paracetamol was 27% (63/232). The NNT for at least 50% pain relief over 6 h was 5.9 (4.5-9.1), 3.8 (3.1 -5.3), and 5.3 (4.2 -6.7) for propacetamol, paracetamol, and their data combined, respectively. Six studies reported the numbers of participants requiring rescue medication. For combined propacetamol or paracetamol data, the proportion of patients using rescue medication was 59% (188/319) vs 77% for those given placebo. This gives a number needed to treat to prevent (NNTp) rescue medication of 3.7 (2.9-5.0). In those patients who required rescue medication, the weighted mean difference of time to use of rescue medication was 28 min (19 -37) longer for patients receiving either propacetamol or paracetamol vs placebo.
Opioid consumption data were available for the time periods 0 -4 and 0-6 h. Over 0-4 h, three studies reported data on propacetamol or paracetamol, with 56 patients receiving propacetamol, 20 paracetamol, and 78 placebo. Patients receiving placebo required an average of 4.4 mg of morphine, which was a mean of 1.3 mg more than those receiving propacetamol or paracetamol, and this translates to a 30% reduction in opioid requirements. For the time period 0-6 h, reductions in morphine equivalents translate to a 16% reduction in opioid requirements.
Patients' global evaluation was predominately assessed using categorical scales. Ten studies provided data on categorical rating of global evaluation vs placebo. Overall, 66% (526/798) of patients receiving propacetamol or paracetamol rated therapy as 'good/satisfied' or better vs 54% (327/606) receiving placebo. The overall NNT for a global evaluation of 'good/satisfied' or better was 5.3 (4.3 -7.1). Two studies used 0-10 VAS for global evaluation. Overall, there was a 1.6 (1.0-2.2) point superiority for patients receiving propacetamol. 
Adverse events
The time over which AE data were collected varied from 4 h to 7 days, with the majority of studies reporting data at 24 h. In only eight studies, it was clear that AE data collection was confined to the 4-6 h postoperative period, that is, the same period over which we assessed efficacy. 46 We also analysed reports of individual AEs. Of the 19 different AEs reported (nausea; vomiting; nausea/vomiting; headache; pruritus; respiratory depression; sedation; vertigo/dizziness; fatigue; fever; gastrointestinal disorders; urinary retention; allergy/skin rash/local reaction; heart rate disorders; malaise; bleeding; liver function test abnormalities; hypotension; or AEs causing a patient to withdraw from a study) only the incidence of fever demonstrated a statistically significant difference between propacetamol or paracetamol (2%, 2/99) and placebo (12%, 6/52). 53 Propacetamol compared with i.v. paracetamol Propacetamol is reported to cause more pain on infusion than i.v. paracetamol. We analysed data from propacetamol/placebo studies, i.v. paracetamol/placebo studies, and any studies that performed direct comparisons of propacetamol and paracetamol.
11 51 53 Our analysis of propacetamol/ placebo demonstrated that 23% (75/333) of patients reported pain on infusion with propacetamol compared with 1% (4/312) of those receiving placebo. Conversely, comparison of paracetamol and placebo showed similarly low rates of pain on infusion, with 2% (3/181) of patients receiving paracetamol and 1% (1/85) of patients receiving placebo reporting pain. In direct comparisons of propacetamol and paracetamol, more patients reported pain on infusion when receiving propacetamol (39%, 71/182) than those receiving paracetamol (4%, 8/180) (Fig. 3) .
Propacetamol or i.v. paracetamol compared with active comparators
Three studies provided data comparing propacetamol with NSAIDs 57 62 75 and one propacetamol with opioids 72 for patients reporting any AE. Neither the meta-analysis of the NSAID studies, nor the single-opioid study demonstrated a statistically significant difference between propacetamol and active comparator. We were able to include data for 14 different individual AEs when comparing propacetamol or paracetamol with an NSAID. Of these, only the incidence of hypotension demonstrated a statistically significant difference. One per cent (1/101) of patients receiving propacetamol or paracetamol suffered an incidence of hypotension compared with 10% (10/103) of those receiving an NSAID (P¼0.02). There were data reporting incidences of six different AEs when comparing propacetamol with opioids. Of these comparisons, only the incidence of gastrointestinal
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Discussion
Our meta-analyses demonstrated that propacetamol and i.v. paracetamol were statistically superior to placebo for each of the measured efficacy outcomes. The primary measure of efficacy was the proportion of patients achieving at least 50% pain relief over 4 or 6 h-estimates of clinically important reductions in acute pain vary between 30% and 50%, with larger absolute reductions required when baseline pain is more severe. 4 76 77 While propacetamol and paracetamol were superior to placebo over both 4 and 6 h, the proportion of patients with at least 50% pain relief appears to decrease at 6 h in both active groups (and in the placebo groups). Direct comparisons of propacetamol and i.v. paracetamol demonstrated similar efficacy at either 4 or 6 h. However, indirect comparisons (Table 1) demonstrated differences in the estimated overall ORs (and derived NNTs) for propacetamol/placebo (OR¼4.6 at 4 h and 4.2 at 6 h) and i.v. paracetamol/placebo (OR¼17.2 at 4 h and 22.0 at 6 h), suggesting that i.v. paracetamol may be more effective than propacetamol. This may be explained by the different surgery performed. Placebo rates in dental surgery have been shown to be lower than in other types of surgery. 78 Two of the three studies comparing i.v. paracetamol with placebo were performed in dental surgery patients and indeed, placebo rates were very low in both. 11 48 This may account for the apparently superior efficacy of i.v. paracetamol over propacetamol in the indirect comparisons.
As the meta-analysis of i.v. paracetamol studies was based on lower overall number of patients, the best point estimate may be less accurate, as reflected in a wider CI than that seen for the propacetamol meta-analysis. In contrast, the overall OR and derived NNT appear to be robust under the sensitivity analysis of study design. For example, two studies 53 75 enrolled patients on the first postoperative days and allowed them to use PCA. All other studies were started at first report of moderate-to-severe pain and patients had to request rescue analgesia (one study also enrolled patients on the first postoperative day, but patients had to request analgesia). 62 Although not part of our planned sensitivity analysis, post hoc analysis with removal of the data from these two studies resulted in minimal changes in the derived NNT at both 4 and 6 h. Our analysis of risk of bias demonstrated that the majority of studies attempted to minimize the potential for bias by using accepted methods of randomization, allocation concealment, and double-blinding. In only one case, the single non-blinded study included in our review, allocation concealment and blinding was clearly inadequate. 68 However, this study did not provide data for the primary outcome, and sensitivity analysis where data from it were removed made no difference to either the direction or the statistical significance of any other efficacy or safety outcome. All other studies were described as randomized and double-blinded. However, published studies do not routinely adequately describe methods used to reduce risk of bias. All of the studies included in our primary outcome analysis (Table 2) inadequately described at least one aspect, either sequence generation (randomization), allocation concealment, or blinding. While this lack of information is common when performing meta-analysis, we cannot assume that the studies adequately reduced the potential for bias. Therefore, the possibility of over-or underestimation of effect exists. When assessing the clinical significance of the above findings, it is possible to indirectly compare the NNT for a single dose of propacetamol or i.v. paracetamol with that of a single dose of other analgesics. 79 The NNTs for combined propacetamol and paracetamol data are similar to those seen with various doses of oral paracetamol, 4 but inferior to most orally or parenterally administered opioids. Although these indirect comparisons are not surprising, the data should be interpreted with caution. The efficacy of the other analgesics in this 'league table' is measured over 4-6 h, rather than discretely at 4 and 6 h as in our analyses. As demonstrated above, NNTs may increase if measured over 6 h. Although NNTs for i.v. and oral paracetamol are similar, the studies would almost certainly have enrolled different populations. First, patients in the oral studies would have to be capable of taking oral medication immediately after operation. Oral administration after operation is problematic, in that patients may have nausea or vomiting or may have delayed absorption, such as postoperative ileus. Secondly, patients in the oral studies may have had lower baseline pain. When baseline pain is low, a smaller absolute reduction in intensity is required to effect a clinically important change. 77 Among secondary outcomes, data related to rescue medication demonstrated that fewer patients receiving propacetamol or paracetamol required rescue analgesia in the 4-6 h time period than those receiving placebo, and those that did require rescue analgesia waited longer before requesting it than those receiving placebo. In the majority of studies comparing opioid consumption, a PCA was used. A meta-analysis 14 of PCA opioid consumption in patients receiving multiple doses of i.v. or oral paracetamol over 24 h found an overall reduction in morphine consumption of 20%, but this made no significant difference to the incidence of opioid-related side-effects. In our larger analysis, we compared the incidence of AEs that could be considered to be opioid-induced and found no difference in side-effects, despite the reported reduction in opioid requirements. In contrast, meta-analyses of NSAIDs used in combination with PCA demonstrate a relative reduction in postoperative nausea and vomiting by 30%, nausea alone by 12%, vomiting alone by 32%, and sedation by 29%. 80 81 Finally, the modest superiority in patients' global evaluation in our analysis may in part be due to the high proportion of patients receiving placebo who expressed satisfaction with their intervention (54%), which in turn could be due to the placebo group having access to rescue medication, or simply that inclusion in a trial may lead to patients being more closely monitored. Meta-analyses did not demonstrate a difference between either test drug and NSAIDs or opioids for any pain outcome, with the exception of a clinically insignificant reduction in opioid consumption. There were fewer subjects in each comparison than in the placebo-controlled studies, which suggests that rather than demonstrating lack of difference there may be insufficient data to demonstrate a difference. Also, the nature of comparators, even within the same class of drugs, may vary considerably. For example, in one comparison, three different NSAIDs were used as comparators at doses that may not be equivalent.
Reported AEs in a postoperative pain study may reflect a number of factors. The AEs may be residual effects of anaesthesia and surgery. They may be due to side-effects of postoperative opioids, in which case you may expect to see a reduction in their incidence when an effective analgesic that lowers opioid consumption is administered. As discussed above, despite demonstrating a reduction in morphine consumption at 4 and 6 h, paracetamol did not reduce opioid-induced AEs. Reported AEs could be an indication of an intervention's safety profile, and propacetamol and i.v. paracetamol appear to be as well tolerated as placebo. The only difference between propacetamol or i.v. paracetamol and placebo in our analyses was a reduced incidence of fever, which is to be expected. For the incidence of individual events, both the total number of patients in each comparison and those reporting an AE tended to be lower than the overall numbers included in our efficacy analyses, reflecting the relative rarity of AEs compared with efficacy events and the under-reporting of AEs in general. Therefore, our findings should be interpreted with caution.
The direct comparison studies 11 51 53 demonstrate that propacetamol and i.v. paracetamol have similar efficacy and safety, with the exception of the incidence of pain with propacetamol infusion. Although most studies do not report the intensity of pain on infusion, it appears to be in the moderate-to-severe range 63 and may lead to interruption of the infusion. 11 As propacetamol requires reconstitution (and has potential issues of contact dermatitis), i.v. paracetamol would appear preferable, assuming cost is not an issue. There were few differences in the proportion of patients with individual AEs when propacetamol or paracetamol were compared with active comparators. While our analyses showed little difference between i.v. formulations of paracetamol and NSAIDs or opioids, it is generally acknowledged that paracetamol has a superior safety profile. 82 Other than in situations of accidental overdose where hepatotoxicity may occur, AEs with oral paracetamol are rare (.1/10 000 to ,1/1000 for malaise, hypotension, and increased hepatic transaminases) or very rare (,1/10 000 for hypersensitivity, thrombocytopenia, leucopoenia, and neutropenia). 83 This illustrates that AE data from RCTs should be interpreted with caution. Studies are routinely underpowered to detect differences in AEs, and do not capture rare, but potentially catastrophic events. One of the included studies tested a dose of 2 g of i.v. paracetamol and demonstrated superior analgesic efficacy to 1 g. 48 Further studies at this higher dose may provide evidence that i.v. paracetamol reduces opioid consumption to an extent that opioid-induced AEs are reduced. Equally, they may show an increase in paracetamol-induced AEs. The efficacy data were analysed over 4 or 6 h, but most safety analyses used data for ≥24 h. As with all quantitative systematic reviews, meta-analyses are only as good as the data that are reported and the description of methods in each study. As previously mentioned, studies fell broadly into two designs: those in which the intervention was administered shortly before or after the end of surgery (prevention of pain) and the primary outcome was opioid consumption; or those in which the intervention was administered only if the patient reported moderate-to-severe pain after operation (treatment of pain), and the primary outcome was pain relief/pain intensity difference. The former may not accurately reflect a drug's efficacy, in that some patients may never have developed moderate-to-severe pain. The latter studies offer proof of concept and allow us to make direct or indirect comparisons with other analgesics. However, they do not necessarily reflect practice, as it is unlikely that paracetamol alone would provide sufficient analgesia in moderate-to-severe pain for the majority of patients.
In conclusion, our analyses suggest that propacetamol or i.v. paracetamol are effective analgesics with a safety profile similar to placebo. Given alone, they are unlikely to provide sufficient analgesia in surgery which produces moderateto-severe pain. If used in combination with opioids, they reduce opioid consumption, but this reduction does not appear sufficient to reduce opioid-induced AEs. Larger trials are required. I.V. paracetamol may be a better option than propacetamol, in that reconstitution is not required and the incidence of pain on infusion is reduced. Finally, studies that assess patient-reported pain in paediatric patients are required.
